Abstract. Spectra of transmission and low-temperature photoluminescence of CdTe:Cr crystals have been investigated for concentrations of the doping impurity (Cr) from 1•10 17 to 4•10 19 cm -3 in the melt. We have found additional absorption bands with maxima at  1  1.9 μm and  2  7.0 μm induced by the presence of this dopant. An additional band of radiative recombination in the vicinity of 1.22 eV is caused by electron transitions from the conduction band to the deep donor levels E v +(0.36-0.38) eV, which correspond to the Cr 1+ defect entering to clusters. We have also observed the shift of CdTe:Cr absorption edge to the longwave region. This shift is caused by strong lattice deformation near the Cr 2+ impurity position due to the static Jahn-Teller effect.
Introduction
CdTe crystals doped with Cr atoms are a promising material for highly efficient lasers in the middle infrared spectral range [1] as well as a magnetic semiconductor for spintronic applications [2] . Further practical applications of this material depend on understanding the Cr impurity behaviour in CdTe crystal lattice and the mentioned dopant influence on the electrical, optical and magnetic properties. Investigation of these problems is essentially complicated by interaction of localized magnetic moments of electrons on the unoccupied 3d-shell between each others and the crystal band electrons. The latter causes splitting the magnetic impurity energy levels, if the impurity is localized in the initial material lattice sites. Transitions between splitted levels and allowed energy bands essentially complicate the experimental data analysis.
The objective of this work was to investigate the influence of technological factors (dopant concentration, location of samples along the ingot length) on CdTe:Cr optical and photoluminescenсe spectra.
Investigated objects and methodology
The studied CdTe:Cr crystals were grown using the Bridgmen method at low Cd vapour pressure in the ampoule (P Cd  0.02 atm) with the purity of initial materials: Cd (99.9999 %) and Te (99.99999 %). The impurity (Cr) concentration in the melt was between The samples for the measurements of transmission spectra were prepared from the different parts of the ingot with the Cr concentration С 0 = 3 19 cm 10  . The photoluminescence spectra measurements at low temperature (4.2 K) were performed on freshly cleaved surfaces of the samples taken from the middle part of the ingots with various Cr concentrations. The measurements of CdTe transmission spectra in the absorption edge region ( = 0.8-2.2 μm) were carried out by means of МДР-23 monochromator. The infrared spectrophotometer ИКС-29 was used for measurements of transmission spectra within the infrared range 2.0 to 25 μm.
The photoluminescence spectra were investigated by the standard procedure employing the facility based on МДР-23 monochromator. The 40 mW power He-Ne laser was used for excitation. The spectral range of investigations was 7700 to 9300 Å.
Results and discussion
Transmission spectra. The spectral dependences of transmission coefficient for the CdTe:Cr crystals in the range of the absorption edge and in the transparent region are shown in Fig. 1a,b .
The obtained spectra analysis allowed us to determine the peculiarities related to doping impurities: the absorption edge location dependence on the sample position along the ingot and the shift of this edge to the longwave range comparing to pure CdTe; two additional absorption bands with peaks at  1  1.9 μm and  2  7.0 μm which differ along the ingot. The confirmation of these anomalies relationship with Cr impurities is their correlation with the Cr dopant concentration, so far as the latter depends on the samples position along the ingot.
Taking into account that the segregation coefficient of Cr in CdTe is less than unity [3] , the mentioned peculiarities can be explained by inhomogeneous distribution of the dopant in the grown crystal. The higher Cr impurity concentration at the beginning of the ingot can be caused by the concentrated overcooling at the crystallization front. Thereby, the absorption edge shift to the longwave region with the increasing dopant concentration well correlates with the reported data [4, 5] .
The observed absorption band at  1  1.9 μm, according to the literature data [6] , is characteristic for Cr 2+ ions in the CdTe lattice and induced by the intracenter transitions from the ground level ) ion becomes splitted in the CdTe crystalline field with the Т d -symmetry [6] . The confirmation of such explanation is the dependence of absorption band intensity on the impurity concentration.
As the intensity of the absorption band at  2  7.0 μm is also determined by the Cr concentration, one can suppose that it is induced by the intra-center transitions in the Cr ion that is in another charge state. The possibility of impurities with unoccupied 3d-shells to be in different charge states in II-VI compounds was ascertained in the works [7, 8] . There is the highest probability to suggest that the absorption band at  2  7.0 μm corresponds to the intra-center transitions Photoluminescence spectra. To fuller investigate the Cr impurity influence on the CdTe optical properties, we studied also CdTe:Cr crystal photoluminescence spectra along with those for pure CdTe material obtained under the same technological conditions. It is possible to separate some groups of lines inherent to the pure CdTe crystal photoluminescence spectrum (Fig. 2, curve 1) . In accord with the literature data [9] , the shortest wavelength band with its peak at 1.59 eV is related with annihilation of the exciton bounded to the shallow acceptor (E A1 = E v +0.05 eV). The intensive band with the energy 1.547 eV that corresponds to the phononless transition of edge luminescence is formed due to electron transition from the conduction band to the shallow acceptor [9] . The energy location of noticed acceptor level, taking into account the value E g = 1.606 еV at 4.2 K, is determined as E A1 = E v +0.059 еV. The determined value E A1 is very close to the acceptor location E v +0.05 eV, which is created in the CdTe material that was grown at a low Cd vapour pressure and is related to the isolated singly ionized Cd vacancy or to the complex with its participation [9] . The closest two longwave bands are the LO-phonon recurrence of the noticed band (for the CdTe h LO = 0.021 eV). The wide photoluminescence region at 1.42 eV is typical for CdTe [9] . Beside the electron transition, it is characterized by a number of emission peaks related to the various quantity of optic LO phonons. This band can be explained by the transition to the acceptor centers with the energy location E A2 = E v +(0.12-0.18) еV. These defects are considered to have a complex nature, and they consist of shallow acceptors and doubly ionized Cd vacancies (Acenters) [10] . It is the most probable to suggest that the A-centers in the investigated crystals are created by the influence of background p-type impurities.
Significant changes in the CdTe luminescent spectrum are observed at a relatively low concentration of impurities (C 0 = [9, 10] , the observed quenching of the appropriate luminescence bands at Cr concentration increase is due to the decrease of V Cd vacancies density because of dilution of Cr atoms in the cadmium sublattice. It is necessary to underline that the donor-acceptor couples radiation quenching takes place because of injection of the Fe impurity [11] as well as the elements of the IV group Ge, Sn, Pb [12, 13] charge state, which act as the deep donors in the case of impurity clusterization. Taking into account the energy gap E g value, the described photoluminescence band registered by us in CdTe:Cr crystals within the energy range (1.225-1.247) еV can be explained by electron transitions from the conduction band to the energy levels E v +(0.36-0.38) eV, which is in good agreement with the ionization energy value E v +0.32 еV reported in that work.
The absence of exciton luminescence and absorption edge shift to the longwave region after injection of Cr atoms into CdTe lattice observed in this work can be related to the specific impurity properties. It is necessary to underline that the questions concerning the reasons of the absorption edge shift in the CdTe:Cr crystals and dependence of its value on the impurities concentration have been discussed for a long time. It is usually considered that the reason is strong lattice deformation characteristic for the Cr 2+ ions in CdTe near the impurity location because of the static Jahn-Teller effect [6] . In addition, the Cd 2+ ion substitution by Cr 2+ one can cause lattice deformation due to the difference in ion radii (0.96 and 0.83 Å, respectively). This local lattice deformation, at a definite dopant concentration, can cause destruction of the exciton states and also induce an additional absorption near the absorption edge [4] .
